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BACKGROUND AND OBJECTIVE—White adipose tissue (WAT) not only stores excess
calories in the form of triacylglycerol, but also serves as an endocrine organ, which secretes
hormones such as leptin and adiponectin, proinflammatory cytokines and chemokines. Chronic
inflammation in obese WAT is characterized by excessive proinflammatory cytokine production
and associated with the insulin resistance. Tumor necrosis factor-o. (TNF-a) is a crucial
proinflammatory cytokine that is considered to contribute to insulin resistance in obese rodents
and humans. Macrophage chemoattractant protein-1 (MCP-1), also increased in obese WAT,
plays an important role in the recruitment of macrophages into WAT. The increased production of
TNF-o has been believed as a metabolic consequence of obesity and macrophage infiltration into
the hypertrophied WAT.

Previous studies have shown that central melanocortin system, consisting of
o-melanocyte stimulating hormone (0-MSH) and agouti-related peptide (AgRP), which
reciprocally regulate the melanocortin receptor (MCR), controls lipid metabolism in WAT and
food intake. Activation of the brain MCR increases lipolysis in WAT via the sympathetic nerves
innervating the tissue, while inhibition of MCR increases gene expression of lipogenic enzyme
in the tissue. Moreover, the sympathetic nervous system has been shown to regulate the
expressions of TNF-o and other proinflammatory cytokines in lymphocytes, peritoneal and bone
marrow-derived macrophages and macrophage clonal cell line. However, it remains unclear
whether the brain MCR and sympathetic nervous system control the production of
proinflammatory cytokines in WAT.

In the present study, the author examined the regulatory role of the brain MCR in
TNF-a and MCP-1 mRNA éxpressions in WAT. Furthermore, she examined the role of the
sympathetic nervous system and norepinephrine (NE) in those mRNA expressions in WAT in
lean mice. She also examined the role of the sympathetic nervous system and NE in the mRNA
expressions in high-fat diet (HFD)-induced obese (DIO) mice.

RESEARCH DESIGN AND METHODS— AgRP or MCR agonist Melanotan (MT-II) was
injected into the lateral cerebroventricle (icv) in free moving C57Bl/6] mice. Six hours (h) later,
epididymal (epi) and inguinal (ing) WAT were collected, and mRNA amounts of TNF-a, MCP-1
and macrophage markers including F4/80, CD11c and CD206 were determined by quantitative
real-time PCR. Sympathetic nerve activity in WAT was assessed by NE turnover method. NE
content was measured by high-performance liquid chromatography (HPLC). To explore the role
of sympathetic nerve in TNF-oo and MCP-1 mRNA expressions in WAT, the author conducted
the following experiments: 1) surgical sympathetic denervation of epiWAIT; 2) subcutaneous
injection of B-adrenergic antagonist propranolol into mice; 3) measurement of TNF-o, MCP-1
and macrophage markers mRNA expressions in WAT in @4, 2, and s-adrenergic
receptors-deficient mice (B-less mice). In addition, she investigated the effects of NE on TNF-o.
mRNA expression in epiWAT explants, as well as mature adipocytes and stromal vascular
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fraction (SVF) cells in epiWAT. Finally, she compared the gene expressions in DIO mice with
those of B-less mice, and explored the role of sympathetic nervous system in TNF-o mRNA
expression by examining the effect of NE on it in epiWAT isolated from DIO mice.

RESULTS— Icv injection of AgRP increased TNF-a. mRNA expression in epiWAT, but not
ingWAT, at 6 h after the injection. Expressions of MCP-1 and macrophage markers did not
change after AgRP injection in either epi or ingWAT. MT-II injection did also not change those
mRNA expressions in WATS.

AgRP injection did not alter plasma glucose, free-fatty acids, insulin, corticosterone,
epinephrine or norepinephrine levles. In contrast, AgRP injection suppressed sympathetic nerve
activity innervating epiWAT, but not ingWAT. Surgical sympathetic denervation of epiWAT
increased TNF-o. mRNA expression in the denervated epiWAT. Systemic administration of
propranolol increased TNF-oo mRNA expression in epiWAT.

The author examined the effect of NE on TNF-o. mRNA expression in vitro in epiWAT
explants isolated from C57BI/6] mice. NE decreased TNF-oo mRNA expression in epiWAT
explants, and propranolol inhibited the effect of NE. B-adrenergic receptor agonist isoproterenol
and adenylate cyclase activator forskolin (FSK) suppressed TNF-a. mRNA expression in epi WAT
explants. An activator of protein kinase A (PKA), 6-Bnz-cAMP, but not activator of exchange
protein directly activated by cAMP (Epac), 8-pCPT-2’-0-Me-cAMP, suppressed TNF-o. mRNA
expression in epiWAT explants. The effects of specific B-adrenergic receptor antagonists and
agonist revealed that Br-adrenergic receptor involves the NE-induced suppression of TNF-o.
mRNA expression in epiWAT, while B3-adrenergic receptor stimulates lipolytic activity in WAT
in response to NE.

The author next examined the effects of NE on TNF-o. mRNA expression in mature
adipocytes and SVF cells in epiWAT after treatment with lipopolysaccharide (LPS). TNF-o.
mRNA expression was higher in SVF cells than that in mature adipocytes, and NE suppressed
TNF-a mRNA expression in SVF cells but not in mature adipocytes. Macrophage may be a
target of NE in SVF fraction, because B,-adrenergic receptor and TNF-o. mRNA expressions are
significantly higher in macrophage marker CD11b-positive (CD11b*) cells than that in
CD11b-negative (CD11b") cells.

She examined TNF-o. expression in f3-less mice, and compared with that in DIO mice.
Plasma TNF-a. concentration significantly increased in B-less mice with a similar extent in DIO
mice, although DIO mice have significantly heavier weights of body and WAT. B-less mice
increased TNF-o. mRNA expression in both epi and ingWAT, comparable to that in DIO mice,
except a larger increase in epiWAT of DIO mice than that of B-less mice. MCP-1 did not change
or only slightly increased the mRNA expression in epiWAT and ingWAT in B-less mice, and
B-less mice did not alter F4/80, CD11c or CD206 mRNA expression in WATs. Thus, B-less mice
increased TNF-o. mRNA expression in both epi and ingWAT, similar to those in DIO mice,
without increase in the recruitment of macrophages.

She finally examined the role of the sympathetic nervous system in TNF-a. expression
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in WAT of DIO mice. NE but not FSK, failed to suppress TNF-o mRNA expression as well as to
increase lipolysis in epiWAT in DIO mice. B, and Ps-adrenergic receptor mRNA expressions
significantly decreased in both epi and ingWAT in DIO mice. These results suggest that

B-adrenergic receptor signaling is impaired in WAT in DIO mice.

CONCLUSIONS— The brain AgRP and sympathetic nervous system regulate TNF-o mRNA
expression in WAT via {,-adrenergic receptor and PKA signaling pathway. In contrast, NE can
not suppress TNF-a mRNA expression in WAT in DIO mice. Thus, the sympathetic nervous
system inhibits TNF-a mRNA expression in WAT, while it stimulates the release of free-fatty
acids, which are an inducer of TNF-a production as well as energy source for other tissues. Her
data also suggest that impairment of the (-adrenergic receptor signaling contributes to the
increase in TNF-o mRNA expression in WAT in DIO mice.
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